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might emerge; but MPTP is a simple molecule consisting of
a benzene and a piperidine ring, both of which exist
separately in many compounds in plants, animals, and man.
For example, some tryptamine metabolites look remarkably
close to MPTP. Conceivably, therefore, an environmental
source may exist for MPTP or an acquired metabolic defect
may produce it or its toxic metabolite in vivo.
The phenomenon of MPTP toxicity has opened up many

new testable approaches likely to help us understand
parkinsonism and given pharmacologists a superior animal
model for searching for better dopaminergic agents and-
more important-novel approaches to prevent or slow
progression of the disease. Lessons are also apparent for
other diseases in which neuronal systems selectively disinte-
grate.
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Regular Review

Scandinavian model for eliminating measles, mumps, and rubella

ERIK RABO, JOHN TARANGER

Both the individual and society should be protected against
measles, mumps, and rubella. Measles is often troublesome
for the child and the family, but the main reason for vacci-
nating against it is the rare but sometimes severe encepha-
litis. Mumps often causes meningitis and encephalitis and
sometimes orchitis and one sided deafness. Rubella is a mild
disease but has teratogenic effects.

In a community in which no one has been vaccinated the
number of individuals susceptible to a disease increases
between outbreaks, and an epidemic starts when enough of
them have accumulated. When the epidemic finishes some
susceptible people will still remain.

In industrialised countries almost all adults have anti-
bodies against measles, but at the end of an epidemic about
one third of children aged under 15 are not immune. In the
prevaccination community about a tenth of adults lack anti-
bodies against mumps and about a seventh lack antibodies
against rubella. Thus the number of people susceptible to
these diseases will be much higher than the number suscep-
tible to measles. For Sweden we have calculated (fig 1) that
the number of children and adults without immunity to
mumps will never be less than 10 year groups and against
rubella 15 year groups-where a year group is the number of
people born in one year.

If vaccination manages to reduce the number of suscep-
tible individuals below the minimum number found in the
prevaccination community no epidemic will occur and the
circulation of the virus may stop. In the short term this is

easily accomplished with a one dose programme and a high
frequency of vaccination.

In the long term, however, even if one dose vaccination
gives lifelong immunity such a programme will build up a
susceptible population in older age groups. All individuals
will not be vaccinated and all those vaccinated will not
become immune. The accumulation of susceptible adults is
undesirable-obviously in the case of rubella, since the only
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FiG 1-Morbidity curves for measles (ME), mumps (MU), and rubella (R) in prevaccination
community.
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reason for vaccinating against it is the risk of maternal in-
fection during pregnancy. Mumps is more severe in adults
than in children. In Sweden nearly half of all patients with
mumps meningoencephalitis treated in hospital and almost
all those with orchitis are found among the tenth of adults
lacking antibodies.' Large numbers of adults with measles
have been reported only from isolated communities. During
an epidemic in south Greenland almost all of the 4500 in-
habitants fell ill. The mortality increased with age, and one in
eight over the age of 50 died. Women infected during the first
trimester ofpregnancy gave birth to children with congenital
defects.2

Experience with one dose programmes

Planning an effective vaccination programme requires
data on the seroconversion rate and the duration ofimmunity.
In principle, yearly, randomised, nationwide serological
studies ought to be carried out, but only a few countries are
doing this at present-notably Albania3 and Czechoslovakia.4
Practically speaking, vaccination against measles, mumps,
and rubella will give a seroconversion rate of 90%, though
both lower and higher rates have been reported.5 6 The new
stabilised vaccine may give better results.
Maternal antibodies interfere with measles vaccination in

children under the age of 1 year. One third of Albanian
children vaccinated in 1970 before the age of 1 year lacked
detectable antibody titres at the age of 7 years. After revacci-
nation 98% had antibodies against measles.3 Revaccination
has a booster effect when the antibody titres have fallen
below a certain level.4

In the 1960s immunity after measles vaccination was
thought to be life long, but this has not been proved.
Krugman has claimed that prospective immunological
studies confirm that immunity persists after immunisation as
well as after natural infection.7 The only prospective study
with an unvaccinated control group was started by the
Medical Research Council in 1964,8 finding that 16 years after
vaccination the incidence ofmeasles was still low.9 Part of this
protection may, however, have been due to their having
improved their immunity through contacts with wild measles
virus.

Measles was rare in Britain in the 1970s, even in unvacci-
nated children. This was the result of a policy of vaccination
of 1 year old children that began in 1969. Although only half
the children have been vaccinated, the incidence ofmeasles is
now five times lower than before the start of the programme.
The result is that many children have neither had measles nor
been vaccinated against it-and so will lack protection as
adults.
More reliable information about the duration of the pro-

tective effect in a society free from measles is available from
Albania, which since 1955 has experienced measles only
once-in 1970, when the disease was imported from
Yugoslavia by a football team. To avoid a large scale epi-
demic among those born after 1955, almost halfthe population
-893 000 children under 16-were vaccinated during a
campaign lasting three weeks.3 Ten years later 90% of those
vaccinated after the age of 1 year were found still to have
antibodies, indicating that immunity from the vaccination
was stable. Since 1970 every child in Albania has been vacci-
nated against measles. Yearly randomised serological studies
have shown that about a tenth of those vaccinated lack anti-
bodies-so that even this extremely well run programme will
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increase the number of susceptible subjects by one tenth of
an age class each year.
A similar increase in the number of susceptible young

adults has been observed in other vaccinating communities
such as the United States, where between 5% and 15% of the
college age population is susceptible to measles.'0 This
development has led Cherry to warn that "measles and rubella
may be time bombs.""I In Czechoslovakia the morbidity rate
of measles in adults was higher in 1981 than before the
vaccination started.'2

Experience with vaccination against mumps is limited but
it seems likely to offer the same duration ofimmunity as that
against measles. Since 1968 about half of 1 year olds in the
United States have been vaccinated, and this has reduced the
incidence of mumps by 90% within eight years. Many
children have neither been vaccinated nor had mumps, and
the number of susceptible young adults must be presumed
to be larger than before vaccination started-a most
undesirable development.

Rubella vaccination with available vaccines results in a
seroconversion rate of at least 90%. In 10-15% of those
vaccinated with the earlier vaccines the titres declined, and
some who had low titres from the beginning lost detectable
antibodies. After revaccination, however, these individuals
showed a typical booster response.' '4 Studies of clinical
efficacy have not indicated diminishing protection over time.
Hinman and colleagues state that protection persists for at
least 10 years and probably permanently."' In a small British
study antibodies were still present 16 years after vaccina-
tion. '5 The immunity induced by the new vaccine RA 27/3 is
better, but long term follow up data are not available.

In 1969 the United States became the first country to
introduce mass vaccination of preschool children with the
aim of eradicating rubella; the incidence in children under 15
was reduced by more than 80% in 10 years. Accordingly,
adults now run a smaller risk ofacquiring the d isease, and the
congenital rubella syndrome has become rare-though
between a tenth and a fifth ofyoung American adults still lack
antibodies against rubella. 16 One third of all clinical rubella in
1979 occurred in persons aged over 20: men obstetricians
have acquired the disease and infected pregnant women.'7
With one dose vaccination of preschool children the number
of susceptible adults would increase gradually.
Knox has worked out models to predict the risk of the

congenital rubella syndrome with various vaccination pro-
grammes. One of these corresponds to the American vacci-
nation programme up to 1979-80% of the 1 year olds
vaccinated with a seroconversion rate of90%. 8 After 10 years
of vaccination the risk of congenital rubella syndrome was
only one quarter of the initial risk. After 25 years of vaccina-
tion, however, the number of susceptible adults will have
increased so much that the result will be more congenital
rubella syndrome than before the start of the vaccination
programme.

Threat to adults

To meet the threats of rubella and measles in adults, the
United States has been forced to adopt substantial counter-
measures, such as compulsory vaccination of schoolchildren,
military personnel, and other groups. Since 1979 great
efforts have also been made to vaccinate women of childbear-
ing age against rubella.
Another approach to rubella vaccination-the British
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model-is to vaccinate girls just before puberty with the aim
of eliminating the congenital rubella syndrome, but not
rubella. In Sweden this programme was started in 1975. The
effect of vaccination of 12 year old girls has been analysed by
Knox (personal communication), who has shown that in
spite of great efforts the risk of the congenital rubella
syndrome will be reduced by only two thirds by the time
the programme reaches a steady state, 20 years after its
introduction.

Two dose vaccination programmes

Inevitably, then, one dose vaccination programmes will
build up a substantial susceptible population even if every
single child is vaccinated. Countermeasures in adults are
administratively difficult and expensive. In the United States
the overall cost of controlling a measles outbreak in one
university was $250 000, and for a rubella outbreak in a
hospital $50 000.19 Furthermore, the compulsory require-
ments applied in the United States might be unacceptable in
Britain2o and would be politically impossible in Sweden.
These problems may be avoided by vaccinating as many

children as possible on two occasions. In 1980 the Swedish
Paediatric Association recommended such a programme
with a combined measles, mumps, and rubella vaccine.2' The
authorities accepted this programme, and a two dose
schedule with vaccination at 18 months and 12 years was
implemented in 1982.
The main purpose of the second vaccination is to immunise

those who were not vaccinated the first time and those who
failed to respond to the first inoculation, but it will also
achieve a booster effect in children with low titres. If 90% of
the children are vaccinated with 90% efficiency on both
occasions, fewer than 5% of the adolescents will lack
immunity (fig 2). The total number of susceptibles in the
community can never be as large as in the prevaccination
community-and the programme will, therefore, prevent
accumulation of the number of susceptible individuals
necessary to enable epidemics to break out. According to
Knox, the two dose programme may be expected practically
to eliminate congenital rubella syndrome in 10 years.
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FIG 2-Development of immunity against measles (ME), mumps (MU), and rubella (R) with Swedish
two dose vaccination programme. Prevaccination morbidity curves for ME, MU, and R included.

In Sweden the two dose measles, mumps, and rubella
programme has been a success from the beginning. The
vaccination rate of the first 12 year old age cohort was 88%.22
Final data are not available on a whole year group of 18
month old children, but preliminary reports indicate a higher
vaccination rate than in schoolchildren. Finland and Norway
started two dose measles, mumps, and rubella programme
soon after Sweden. In Norway the Swedish schedule is
applied, while in Finland the second injection is given at the
age of 6.

In 1982 in Denmark the health authorities recommended
that the Swedish programme should be introduced, but the
government has still not agreed to pay for the vaccinations.
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